Purpose The proximal part of the long head of the biceps muscle has become a recognized cause of significant shoulder pain. Tenodesis of the long head of the biceps has been advocated as a treatment for pain resulting from biceps tendonopathy, biceps instability, and biceps tendon tears. All of these pathologies may be encountered during rotator cuff, SLAP or Bankart surgery, or in isolation. Several techniques have been described for this tenodesis, including various arthroscopic and subpectoral methods. Methods We present a modified bone bridge technique of Mazzocca et al., for subpectoral biceps tenodesis. In this technique we tenodese the tendon through two bone tunnels back over the muscle itself without implants. Results Application of this technique on 30 patients (ages 25-48 years) with short-term follow-up of 12-18 months showed statistically significant improvement (P value<0.05) of the mean Constant and Oxford shoulder scores (pre-operative mean scores were 39.03 and 21.3, respectively, while postoperative mean scores were 76. 43 and 44.8, respectively). Conclusion This technique has potential advantages as it allows the possibility of adjusting the tension of the biceps tendon before final suturing, in addition to quicker soft tissue healing.
Introduction
Tendonitis of the long head of the biceps brachii is a relatively common occurrence in patients with shoulder pain [1] . Biceps tendon pathology, like chronic degeneration, tears or subluxations, may be encountered during rotator cuff surgery or in isolation [2] [3] [4] . Surgical management of the biceps tendon is recommended in patients with persistent anterior shoulder pain after failure of nonoperative management, partial thickness tears of 50 % or greater, and medial subluxations [5] [6] [7] . Several techniques have been described for tenodesis of the long head of the biceps tendon. Among these procedures, differences arise between arthroscopic versus open techniques, location of the tenodesis, and methods of fixation. Fixation methods include tenodesis through a bone tunnel, the keyhole method, soft tissue tenodesis to the rotator interval or conjoint tendon, interference screw fixation, and suture anchors [5] [6] [7] [8] [9] [10] [11] .
Here we present a modified bone bridge technique of Mazzocca et al. [12] for subpectoral biceps tenodesis.
Surgical technique
After completion of the arthroscopic part of the procedure including dealing with other pathologies associated with biceps tendinitis like rotator cuff pathology, SLAP or Bankart lesions, we perform a biceps tenotomy. After which, we turn to the subpectoral approach. The inferior border of the pectoralis major muscle is identified and its insertion on the humerus is palpated. Abduction and internal rotation can aid in identifying its exact location. A longitudinal incision (2-3 cm) in line with the axillary fold is then made starting 1 cm superior to the inferior border of the pectoralis tendon to 2-3 cm below the inferior border on the medial aspect of the arm (Fig. 1) . Sharp dissection is completed through the subcutaneous fat layer and hemostasis is achieved with electrocautery. Blunt dissection is used at the level of the underlying biceps tendon. Two Hohmann retractors are placed medial and lateral to the humeral shaft, to retract the pectoralis major muscle superiorly.
The tendon of the long head of the biceps is then identified and the sheath is split vertically (Fig. 2) . A clamp is placed deep to it and the tendon is pulled, delivering it into the wound (Fig. 3) . To ensure appropriate tensioning of the biceps tendon, the proximal portion of the tendon, which is the thickened part of the tendon, is resected (about 30 mm) to leave 20-25 mm of tendon proximal to the musculotendinous portion of the biceps [11] while the remaining portion is weaved by Vicryl #2 suture using a whip-stitch (Fig. 4) . The electrocautery is used to open the periosteum and expose bone of the bicipital tunnel. A 4.5-mm drill is used to drill a proximal hole at the top of exposed bone through the anterior cortex of the humerus, and a second distal hole is also made 1.5-2 cm below the first one, at the level of the lower border of the pectoralis major muscle (Figs. 5 and 6 ).
The vicryl needle used to weave the tendon is inserted reversely (suture side first) through the distal hole and retrieved from the proximal one by an arthroscopic suture hook, which is an integral instrument to shorten the time and facilitate this step. The tendon is pulled through both holes, after that tensioning is adjusted by pulling the muscultotendionous junction to the distal hole and the tendon is sutured on the muscle itself (Figs. 7 and 8) . The wound is then irrigated and closed with subcuticular stiches. 
Postoperative management
Postoperative activity is typically dictated by the procedures that have been performed in conjunction with the biceps tenodesis. However in this series of isolated biceps tenodesis, a sling was worn for the first four weeks and we started passive ROM from day one and active abduction and external rotation was allowed, but active shoulder and elbow flexion was avoided for four weeks. Between four weeks and six weeks, gradual active ROM is started as well as weaning of the sling. After eight weeks the strengthening phase should be started.
Discussion
Proximal biceps tenodesis has become popular in recent years. The subpectoral approach offers a minimally invasive Fig. 5 The two holes on the anterior cortex of the humerus Fig. 6 The two holes on the anterior cortex of the humerus and the tendon is ready for passing through the hole Fig. 7 The tendon is secured through the bone tunnel Fig. 8 Postoperative MRI of the shoulder shows the tendon folding on the muscle (white arrow) technique, with easy access. Methods of fixation vary from interference screws, soft tissue fixation, or transosseous sutures.
Mazzocca et al. [13] performed a biomechanical evaluation of four fixation techniques for proximal biceps tenodesis: subpectoral bone tunnel, arthroscopic interference screw, subpectoral interference screw and arthroscopic suture anchor. They concluded that there were no statistically significant differences in ultimate failure strength between them.
We describe our modified technique for subpectoral biceps tenodesis, with two bone tunnels and suturing over a bony bridge. The bone bridge technique is well known in tendon fixations and has been described previously [12] .
Biomechanical and clinical studies have shown that the bone tunnel fixation is comparable, if not superior to other techniques regarding tensile strength, tendon to bone healing and postoperative outcomes [14] [15] [16] [17] .
This method has potential advantages over the previous described techniques as it allows the possibility of adjusting the tension of the biceps tendon before final suturing, in addition to quicker soft tissue healing. Also it is technically less demanding and does not use any hardware. Moreover, this procedure has not been associated with an increased risk of infection, nerve injury, or wound complications.
Conclusion
Modified subpectoral biceps tenodesis via bone bridge technique has potential advantages including that it is technically less demanding, there is no use of hardware and it allows the possibility of adjusting the tension of the biceps tendon before final suturing, in addition to having quicker soft tissue healing.
